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Description
TECHNICAL FIELD
[0001] The presenttechnology relatestoawireless apparatus, awireless apparatus processing method, and a program.
BACKGROUND ART

[0002] Time synchronization between a plurality of wirelessly-connected apparatuses has been conventionally known
(see Patent Document 1, for example). IEEE1588 precision time protocol (PTP), IEEE802.11 fine timing measurement
(FTM), and the like are known as protocols for time synchronization. In the case of the protocols, a time offset observation
accuracy influences on a time synchronization accuracy.

CITATION LIST

PATENT DOCUMENT

[0003] Patent Document 1: Japanese Patent Application Laid-Open No. 2016-131332
SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] It is an object of the present technology to enhance a time synchronization accuracy between a plurality of
wireless apparatuses in a wireless network.

SOLUTIONS TO PROBLEMS
[0005] A concept of the present technology lies in a wireless apparatus including:

a time synchronization processing part configured to perform a time synchronization processing between a self-
apparatus and other apparatus configuring a wireless network together with the self-apparatus; and

a parent/child determination part configured to determine whether the self-apparatus is a parent node or a child
node in the wireless network,

in which the time synchronization processing part performs the time synchronization processing as a clock master
for a child node under control when the self-apparatus is a parent node, and performs the time synchronization
processing as a clock slave for a parent node when the self-apparatus is a child node.

[0006] According to the present technology, the time synchronization processing part performs a time synchronization
processing between a self-apparatus and other apparatus configuring a wireless network together with the self-apparatus.
For example, the time synchronization processing may be a time synchronization processing in the IEEE1588 precision
time protocol (PTP) protocol. Further, for example, the time synchronization processing may be a time synchronization
processing in the IEEE802.11 fine timing measurement (FTM) protocol.

[0007] The parent/child determination part determines whether the self-apparatus is a parent node or a child node in
the wireless network. For example, the wireless network may be a Wi-Fi P2P network in which a P2P group owner as
the parent node and a P2P client as the child node are present. Further, for example, the wireless network may be a
network in the infrastructure mode in which an access point as the parent node and a station as the child node are
present. The time synchronization processing part then performs the time synchronization processing as a clock master
when the self-apparatus is a parent node, and performs the time synchronization processing as a clock slave when the
self-apparatus is a child node.

[0008] In this way, according to the present technology, the parent node in the wireless network performs the time
synchronization processing as a clock master. Thus, the time offset observation accuracy can be enhanced, and thus
the time synchronization accuracy between a plurality of wireless apparatuses in the wireless network can be enhanced.
[0009] Additionally, according to the present technology, for example, there is further provided an information reception
part configured to receive clock accuracy information and timestamp information sent from the other apparatus, and in
a case where determining that a clock accuracy of the other apparatus is higher than a clock accuracy of the self-
apparatus on the basis of the clock accuracy information sent from the other apparatus when the self-apparatus is a
parent node, the time synchronization processing part may correct a clock value of the self-apparatus by use of the
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timestamp information sent from the other apparatus, and may then perform the time synchronization processing.
[0010] In this case, for example, the clock accuracy information and the timestamp information may be stored and
transmitted inthe IEEE802.11 Public Action Frame. Further, in this case, the clock accuracy information and the timestamp
information are stored and transmitted in the IEEE802.11 Association Request Frame, for example.

[0011] Inthis way, in a case where the clock accuracy of the child node as clock slave is higher than the clock accuracy
of the parent node as clock master, the clock value of the parent node is corrected, and then the time synchronization
processing is performed, thereby reducing the possibilities that the wireless network is synchronized at a largely-different
time from an outside time.

[0012] Further,accordingto the present embodiment, for example, there is further provided an information transmission
part configured to transmit clock accuracy information and timestamp information to the other apparatus, and when the
self-apparatus is a child node, clock accuracy information and timestamp information of the self-apparatus may be
transmitted to other apparatus. In this case, for example, the clock accuracy information may indicate which a clock of
the self-apparatus is set or updated with reference to. Further, in this case, for example, the timestamp information may
indicate a clock value of the self-apparatus corresponding to a timing of the transmission.

[0013] Further, in this case, for example, the clock accuracy information and the timestamp information may be stored
and transmitted in the IEEE802.11 Public Action Frame. Further, in this case, for example, the clock accuracy information
and the timestamp information may be stored and transmitted in the IEEE802.11 Association Request Frame.

EFFECTS OF THE INVENTION

[0014] According to the present technology, it is possible to enhance a time synchronization accuracy between a
plurality of wireless apparatuses in a wireless network. Additionally, the effects described herein are not necessarily
restrictive, and may be any effect described in the present disclosure.

BRIEF DESCRIPTION OF DRAWINGS
[0015]

Fig. 1 is a diagram illustrating an operation outline of PTP.

Fig. 2 is a diagram for explaining uncertain elements for time observation in wireless transmission.

Fig. 3 is a diagram illustrating how a network delay is due to packet relaying.

Fig. 4 is a diagram illustrating an exemplary topology in which a plurality of child nodes are connected to a parent
node via Wi-Fi P2P.

Fig. 5 is a diagram illustrating a clock comparison algorithm (1/2) used in the best master selection function defined
in the IEEE1588.

Fig. 6 is a diagram illustrating the clock comparison algorithm (2/2) used in the best master selection function defined
in the IEEE1588.

Fig. 7 is a functional bloc diagram of a terminal (wireless apparatus) configuring a wireless network.

Fig. 8 is a diagram illustrating a parent flow of processings according to a first embodiment.

Fig. 9 is a diagram illustrating a flow of a Clock Role determination processing according to the first embodiment.
Fig. 10 is a diagram illustrating an operation outline of a FTM protocol.

Fig. 11 is a diagram illustrating an exemplary topology (an exemplary case in which a clock accuracy of wireless
child nodes is better than that of a wireless parent node) in which a plurality of child nodes are connected to a parent
node via Wi-Fi P2P.

Fig. 12 is a diagram illustrating a parent flow of processings according to a second embodiment.

Fig. 13 is a diagram illustrating a flow of a previous information exchange processing according to the second
embodiment.

Fig. 14 is diagrams illustrating exemplary formats of a previous information notification frame.

Fig. 15 is a diagram illustrating a flow of a previous correction processing according to the second embodiment.

MODE FOR CARRYING OUT THE INVENTION

[0016] Modes for carrying out the invention (denoted as "embodiments" below) will be described below. Additionally,
the description will be made in the following order.

1. Embodiments
2. Variant
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<1. Embodiments>

[0017] In a case where a plurality of apparatuses are connected to perform time synchronization, the IEEE1588
standard "1588-2008-IEEE Standard for a Precision Clock Synchronization Protocol for Networked Measurement and
Control Systems" is defined as a time synchronization protocol via a network. The protocol in the standard is called
precision time protocol (PTP).

[0018] Fig. 1illustrates an operation outline of PTP. One of two apparatuses in the protocol is assumed as clock master
and the other is assumed as clock slave. The two roles will be called clock role below. At first, the clock master transmits
a correction value measurement SYNC frame to the clock slave. Then, the transmission time is assumed as "time t1."
Time t1 is a measurement time in the clock master apparatus. Further, a time when the SYNC frame reaches the clock
slave is assumed as "time t2." Time t2 is a measurement time in the clock slave apparatus.

[0019] The clock master then notifies the measured "time t1" to the clock slave in a Follow-up frame. Thereby, the
clock slave can acquire a propagation delay time from the clock master to the clock slave. Consequently, the propagation
delay time Atms from the clock master to the clock slave is indicated in the following Equation (1).

[Math. 1]

Atms = t, — t; = Delay(Master - Slave) + Offset --- (1)

[0020] The Delay_Request frame is then transmitted from the clock slave, and the transmission time "time t3" is
measured. The clock master measures "time t4" when it receives the Delay_Request frame, and notifies the value in
the Delay_Response frame to the clock slave. By doing so, the propagation delay time Atsm from the clock slave to the
clock master is indicated in the following Equation (2).

[Math. 2]

Atsm = t; — t3 = Delay(Slave - Master) - Offset --- (2)

[0021] The time offset value offset between the clock master and the clock slave is calculated as in the following
Equation (3) due to Equation (1), Equation (2), and symmetry of the propagation path.
[Math. 3]

1 : :
offset :’3{(12 “11)“(1-4 “33)}
(3)

[0022] Therefore, if a propagation delay from the clock master to the clock slave or from the clock slave to the clock
master is symmetric, and the frame exchange times (t1, t2, t3, t4) can be accurately measured, the offset value can be
also derived at high accuracy.

[0023] A mechanism for calculating offset in PTP between two apparatuses has been described above. In a network
in which three or more apparatuses are present, any one is assumed as grand master and the other apparatuses follow
it. The grand master is a clock which is highly accurate and reliable as a reference source. In a case where an apparatus
not directly connected to the grand master makes synchronization, clock information needs to be relayed.

[0024] In a case where PTP is performed via a wireless propagation path, a delay due to an uncertain element is
present on time observation. Fig. 2 illustrates uncertain elements in time observation in wireless transmission. In a case
where a PTP packet is transmitted via wireless LAN, a processing time changes due to system load in a case where
the exchange processings are performed in software (transmission processing delay and reception processing delay in
Fig. 2) .

[0025] Further, carrier sensing is performed in a case where packets are transmitted via wireless LAN, and random
backoff time standby is performed in a case where a wireless access of other station is detected, thereby preventing a
collision by offsetting transmission timings of a plurality of hosts (channel access delay in Fig. 2). Thus, the timestamps
do not necessarily indicate actual packet exchange times depending on a position of the processing layer for timestamps .
[0026] Further, as illustrated in Fig. 3, a network delay varies due to a processing residence time (AS, AR) occurring
in an intermediate network device for transferring packets, and the time offset observation accuracy lowers.

[0027] Therefore, a hardware support processing in the PHY layer (physical layer) is recommended in order to acquire
accurate exchange times and to observe a time offset in the IEEE1588 specification. Further, a transparent clock (TC)
function is defined as a switching hub for realizing a residence time correction function in an intermediate node. However,
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in a case where a device not for the measure is present together, a solution for reducing as many influences as possible
is required.

[0028] For example, Fig. 4 illustrates an exemplary topology in which a plurality of child nodes are connected to a
parent node via Wi-Fi P2P. The illustrated example assumes that P2P clients as a plurality of child nodes are connected
to a P2P group owner as parent node.

[0029] Asdescribedinthe specification of Japanese Patent Application No. 2012-224013 (Japanese Patent Application
Laid-Open No.2014-078785) previously filed by the present applicants, a P2P group owner may be determined depending
on the characteristics of an application in a Wi-Fi P2P network.

[0030] In the case of the example illustrated in Fig. 4, a terminal A is determined as P2P group owner, and a terminal
B and a terminal C are further determined as P2P clients. In this case, in a case where the terminal B as P2P client
serves as the clock master in the time synchronization processing, the following disadvantages occur when time syn-
chronization between the terminals is performed.

[0031] That is, direct communication is made between the terminal B and the terminal A in the time synchronization
processing between the terminal B and the terminal A as described in the following (1). To the contrary, indirect com-
munication is made between the terminal B and the terminal C via the terminal A in the time synchronization processing
between the terminal B and the terminal C as described in the following (2).

(1) Synchronization between terminal B and terminal A: terminal B to terminal A
(2) Synchronization between terminal B and terminal C: terminal B to terminal A to terminal C

[0032] When a comparison between (1) and (2) is made, (2) includes more wireless communication periods, and has
alargerinfluence on the offset observation accuracy due to the residence time because of the presence of the intermediate
node. Thus, the time offset observation accuracy is influenced by the network topology.

[0033] Incidentally, the IEEE1588 specification defines the best master selection function as a mechanism for selecting
the clock master in the time synchronization processing. In the best master selection function, an apparatus present on
a network reports to surroundings an attribute (Table 12 in the IEEE 1588 specification (version 2008)) including its time
accuracy in an announcement message, and selects a clock more suitable for the clock master on the basis of the clock
comparison algorithm in the IEEE1588 specification.

[0034] Though not described in detail, Fig. 5 and Fig. 6 illustrate the clock comparison algorithm. Fig. 5 and Fig. 6
correspond to Figure 27 "Data Set Comparison algorithm, part1", and Figure 28 "Data Set Comparison algorithm, part2"
in the IEEE1588 specification, respectively. There is known selection of a clock master on the basis of the time accuracy
of each apparatus (each terminal) and the number of relays at the layer 3 (network layer) level, but a mechanism for
selecting a clock master in consideration of the number of relays at the layer 2 (datalink layer) level is not conventionally
present. In a case where wireless LAN is used for transmission, a relay at the layer 2 level is caused, and the problem
arises.

[0035] Inmany cases, a terminal mounting a high-accuracy clock thereon and operating as grand master is additionally
prepared in the current IEEE1588 specification and its implementation. However, it will be assumed in the future that
each terminal mounts the grand master function in the IEEE1588 thereon, and any of mutually-connected terminals is
in charge of the grand master function, thereby synchronizing between terminals in a closed network and without addi-
tionally preparing a grand master apparatus. In this case, it is assumed that a plurality of terminals having a similar level
of clock accuracy are connected, and the offset observation accuracy due to a residence time in a wireless medium or
anintermediate node is regarded as more serious than due to difference in accuracy of the clock mounted on each terminal.
[0036] Inthe case of the situation illustrated in Fig. 4, a start topology is formed about the P2P group owner as a parent
node, and thus the terminal A as P2P group owner is selected as clock master. Such selection is made so that the
numbers of hops from the clock master terminal to all the clock slave terminals are the same, and the same level of
offset observation accuracy is obtained among all the P2P client devices due to the absence of an intermediate node.
[0037] Additionally, the Wi-Fi P2P network is described herein as a wireless network by way of example, but a start
topology about an access point (AP) is formed also in a network in the infrastructure mode in which the access point
(AP) as a parent node and a station (STA) as child node are present, and thus a similar configuration can be applied.
[0038] According to the present technology, a solution for dynamically selecting a terminal to be the clock master is
introduced in consideration of a wireless topology in which terminals participating in a wireless network are currently
configured.

[0039] Fig. 7 illustrates a functional block diagram of each terminal (wireless apparatus) 100 configuring a wireless
network. The terminal 100 has a media control part 101, a wireless communication part 102, a user interface part 103,
a main control part 104, and a memory 105.

[0040] The media control part 101 is a block having the functions such as a video control function of shooting an image
or outputting an image, and a speech control function of collecting speech and outputting sounds, for example. The
wireless communication part 102 is a functional block in charge of all the functions of a wireless protocol mainly in the
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communication layers below the datalink layer for packets generated in the main control part 104 or incoming wireless
frames.

[0041] The userinterface part 103 notifies a user-input operation signal to the main control part 104. The user interface
part 103 may have a function of notifying an input from a sensor for collecting environment data to the main control part
104 in addition to operation signals. The main control part 104 corresponds to a host processor in the terminal 100,
executes application programs held in the memory 105, controls input/output signals of the user interface part 103, and
performs communication protocol processings mainly in the network layer and its upper layers. Further, the main control
part 104 puts information in and out of the media control part 101.

[0042] A wireless stereo speaker is assumed as an exemplary use case in which the terminal (wireless apparatus)
100 of Fig. 7 is connected as in Fig. 4, for example. In the case, the terminal A is a parent node of audio, and the terminal
B and the terminal C are stereo speakers for reproducing audio data in L channel or R channel transmitted by the terminal
A, respectively.

[0043] Twoembodiments will be described below. Though described below in detail, the following Table 1 is a summary
of characteristics of each embodiment.

[Table 1]
[0044]
Table 1
Applicable offset Clock Previous Solution for Slave Exchange
Embodiment calculation correction on with higher Clock information before
Master . L
protocol Master side accuracy Association
PTP of L3 or FTM Parent
! of L2 node No x No
PTP of L3 or FTM Parent - Clock accuracy
2 Yes O .
of L2 node - Timestamp

[First embodiment]

[0045] Fig. 8 illustrates a parent flow of processings according to a first embodiment. The parent flow is configured of
three phases including "connection processing," "Clock Role determination processing," and "time synchronization
processing." The contents of the respective phases will be described.

[Connection processing]

[0046] Though notdescribedin detail, the connection processingis for general wireless LAN. "SCAN," "Authentication,"
"Association", and "4-way Handshake" correspond thereto in the infrastructure mode.

[Clock Role determination processing]

[0047] The Clock Role determination processing is directed for determining whether a self-terminal (self-apparatus)
operates as clock master or clock slave. Fig. 9 illustrates a flow of the Clock Role determination processing according
to the first embodiment.

(1) In step ST1, a determination is made as to whether an operation mode in the currently-participating wireless
LAN network is the infrastructure mode or Wi-Fi P2P.

(2) When the operation mode is the infrastructure mode, in step ST2, a determination is made as to whether the
self-terminal operates as access point or station (STA). In a case where the self-terminal operates as access point,
in step ST3, the self-terminal determines to operate as clock master, and in a case where the self-terminal operates
as station, in step ST4, the self-terminal determines to operate as clock slave.

(3) On the other hand, when the operation mode is Wi-Fi P2P, in step ST5, a determination is made as to whether
the self-terminal operates as P2P group owner or P2P client. In a case where the self-terminal operates as P2P
group owner, in step ST6, the self-terminal determines to operate as clock master, and in a case where the self-
terminal operates as P2P client, in step ST7, the self-terminal determines to operate as clock slave.
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[Time synchronization processing]

[0048] The time synchronization processing is directed for calculating a time offset with a communication party and
performing time synchronization according to the determination in the Clock Role determination processing described
above. In a case where the time synchronization processing is performed in the layer 3 (network layer, mainly IP layer)
and its upper layers, the time synchronization processing (see Fig. 1) in the above PTP protocol is performed, and in a
case where the self-terminal is a clock slave, the clock value (system clock value) is corrected as needed according to
the calculated time offset. When the clock slave receives the Delay_Response frame, the information required for
calculating the time offset with the party is obtained.

[0049] A method using frame exchange inthe layer 2 (datalink layer, corresponding to MAC layer in the case of wireless
LAN) is also present for calculating a time offset. In this case, the fine timing measurement (FTM) protocol defined in
the IEEE802.11 standard is used.

[0050] Fig. 10illustrates an operation outline of the FTM protocol. A time offset between the clock master (Responding
STA in the Figure) and the clock slave (Initiating STA in the Figure) is similarly acquired by replacing t1 to t4 with t1_1
to t1_4 in the above Equation (3). In this case, when the clock slave (Initiating STA) receives the FTM_2 frame, the
information required for calculating the time offset with the party is obtained. The sequence may be repeatedly performed
several times to make calculations with a plurality of sets of t1_1 to t1_4, thereby enhancing the accuracy.

[0051] According to the first embodiment, the parent node as clock master in the wireless network performs the time
synchronization processing. Thus, the time offset observation accuracy can be enhanced, thereby enhancing the time
synchronization accuracy between a plurality of wireless apparatuses in the wireless network.

[Second embodiment]

[0052] The clock accuracy of a child node may be higher than that of a parent node in the parent node and the child
node which are in wireless LAN connection. For example, a topology as illustrated in Fig. 11 is possible. In this case,
the terminal C is connected to the Internet via another interface, and holds a higher-accuracy (more-excellent) clock by
network time protocol (NTP). On the other hand, the terminal A as wireless parent node is not connected to the outside,
and a clock value having no relationship with the outside is manually set.

[0053] In this case, if the terminal A is forcibly assumed as clock master and the terminals B and C synchronize
therewith as in the first embodiment, synchronization between the terminals can be realized, but the synchronization is
performed at different times from the outside, and the clock accuracy of the terminal C can be deteriorated. According
to the second embodiment, there is provided a mechanism for realizing preferable time synchronization between wireless
terminals while preventing a large deterioration in clock accuracy even in the case.

[0054] Fig. 12 is a parent flow of processings according to the second embodiment. The parent flow is configured of
five phases including "previous information exchange processing," "connection processing," "Clock Role determination
processing," "previous correction processing," and "time synchronization processing. " The contents of the respective
phases will be described.

[Previous information exchange processing]

[0055] Fig. 13 illustrates a flow of the previous information exchange processing according to the second embodiment.
In this case, clock accuracy information and timestamp information (system clock value) are exchanged between the
respective terminals. The example of Fig. 13 illustrates that information is transmitted from a wireless machine A to a
wireless machine B. In step ST11, the wireless machine A generates a previous information notification frame storing
the clock accuracy information and the timestamp information. Then in step ST12, the wireless machine A sends the
previous information notification frame to the wireless machine B. In step ST13, the wireless machine B holds the clock
accuracy information and the timestamp information stored in the previous information notification frame received from
the wireless machine A.

[0056] Here,the clock accuracyinformation indicates which the clock of a self-apparatus is set or updated with reference
to, such as timeSource information in the IEEE1588 standard. Table 2 indicates the timeSource values defined in the
IEEE1588 standard. In Table 2, a lower value indicates a higher accuracy.

[Table 2]

[0057]
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Table 2
IEEE1588 timeSource values
Value( hex) | Source of clock setting
0x10 ATOMIC_CLOCK
0x20 GPS
0x30 TERRESTRIAL_RADIO
0x40 PTP
0x50 NTP
0x60 HAND_SET
0x90 OTHER
0xA0 INTERNAL_OSCILLATOR
0xFO-OxFE | For use by alternate PTP profiles
OxFF reserved

[0058] In a case where each terminal sets the timeSource value according to the definition, only the terminal C takes
"NTP, " and the terminal A and the terminal B take "HAND_SET" or "INTERNAL_OSCILLATOR" in the case of Fig. 11.
Each terminal employs the value as "clock accuracy information" described above. Further, each terminal acquires the
clock value of self-apparatus corresponding to a timing to transmit the information (the clock accuracy information and
the timestamp information) . Each terminal employs the value as "timestamp information" described above.

[0059] Each terminal stores the two items of information in the previous information notification frame for transmission.
The description will be made herein assuming that the previous information notification frame is realized as IEEE802.11
Public Action frame. Fig. 14(a) illustrates an exemplary format of the previous information notification frame in this case.
The clock accuracy information is stored in the Clock Accuracy Information field in Fig. 14(a).

[0060] Additionally, the previous information notification frame does not necessarily need to be realized by the Public
Action frame. For example, it may be mounted as Information Element on part of the Association Request frame to be
notified. Fig. 14(b) illustrates an exemplary format in this case. Similarly, it may be transmitted in other Management
frames such as Association Response, Probe Response, Beacon, and Authentication frames.

[0061] A terminal which receives the information saves the clock accuracy information and the timestamp information
together with the transmission source MAC address in association with the transmission source identifier.

[Connection processing]

[0062] Though not described in detail, the connection processing is for general wireless LAN. "Scan," "Authentication,"
"Association", and "4-way Handshake" correspond thereto in the infrastructure mode. In a case where the Association
Request/Response frame is used for the previous information notification frame, the previous information exchange
processing is included in the present processing.

[Clock Role determination processing]

[0063] The Clock Role determination processing is directed for determining whether a self-terminal (self-apparatus)
operates as clock master or clock slave . Though not described in detall, it is similar to the Clock Role determination
processing according to the first embodiment.

[Previous correction processing]

[0064] A time (clock) previous correction processing is performed after Clock Role determination. The processing is
performed only by a wireless parent node (access point in the infrastructure mode or P2P group owner in Wi-Fi P2P).
At this time, the wireless parent node is determined to operate as clock master.

[0065] Fig. 15 illustrates a flow of the previous correction processing. The terminal confirms an operation mode and
a role in step ST21. When being an access point in the infrastructure mode or P2P group owner in Wi-Fi P2P, in step
ST22, the terminal determines whether one or more items of clock accuracy information are acquired from a child node.
[0066] When one or more items of clock accuracy information are present, in step ST23, the terminal determines
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whether the clock accuracy indicated by the clock accuracy information is higher (more excellent) than its clock accuracy.
When a higher accuracy is indicated, in step ST24, the terminal updates its system clock value (time) to the system
clock value of the child node indicating the higher accuracy on the basis of the timestamp information. Here, the wireless
parent node may update its system clock value after acquiring the timestamp information from the wireless child node
again via communication at this time.

[Time synchronization processing]

[0067] The time synchronization processing is directed for calculating a time offset with a communication party for
synchronization according to the determination in the Clock Role determination processing described above. Though
not described in detail, it is similar to the time synchronization processing according to the first embodiment described
above.

[0068] According to the second embodiment, the parent node as clock master in a wireless network performs the time
synchronization processing. Therefore, the time offset observation accuracy can be enhanced, and thus the time syn-
chronization accuracy between a plurality of wireless apparatuses in the wireless network can be enhanced. Further,
according to the second embodiment, in a case where the clock accuracy of the child node as clock slave is higher than
the clock accuracy of the parent node as clock master, the clock value of the parent node is corrected and then the time
synchronization processing is performed. Thus, the possibilities that a wireless network is synchronized at a largely-
different time from an outside time can be reduced.

<2. Variant>

[0069] Additionally, the timeSource value is used as "clock accuracy information" according to the above embodiments,
and additionally any of priority 1, priority 2, clockClass, and clockAccuracy in the IEEE1588 standard, or a combination
thereof may be used therefor. priority 1 and priority 2 are a user freely-settable value between 0 and 255. A low value
is prioritized. A default value of 128 is defined for default PTP profile.

[0070] clockClass is an attribute for defining traceability of the clock relative to the international standard time, and a
method for setting the value is described in Table5 in the IEEE1588 specification. clockAccuracy is an attribute for
defining the clock accuracy, and a method for setting the value is described in Table6 in the IEEE1588 specification.
[0071] Further, the present technology can take the following configurations.

(1) A wireless apparatus including:

a time synchronization processing part configured to perform a time synchronization processing between a self-
apparatus and other apparatus configuring a wireless network together with the self-apparatus; and

a parent/child determination part configured to determine whether the self-apparatus is a parent node or a child
node in the wireless network,

in which the time synchronization processing part performs the time synchronization processing as a clock
master for a child node under control when the self-apparatus is a parent node, and performs the time synchro-
nization processing as a clock slave for a parent node when the self-apparatus is a child node.

(2) The wireless apparatus according to (1),

in which the wireless network is a Wi-Fi P2P network in which a P2P group owner as the parent node and a P2P
client as the child node are present.

(3) The wireless apparatus according to (1),

in which the wireless network is a network in an infrastructure mode in which an access point as the parent node
and a station as the child node are present.

(4) The wireless apparatus according to any of (1) to (3),

in which the time synchronization processing is a time synchronization processing in the IEEE1588 precision time
protocol (PTP) protocol.

(5) The wireless apparatus according to any of (1) to (3),

in which the time synchronization processing is a time synchronization processing in the IEEE802.11 fine timing
measurement (FTM) protocol.

(6) The wireless apparatus according to any of (1) to (5), further including:

an information reception part configured to receive clock accuracy information and timestamp information sent
from the other apparatus,
in which in a case where determining that a clock accuracy of the other apparatus is higher than a clock accuracy
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of the self-apparatus on the basis of the clock accuracy information sent from the other apparatus when the
self-apparatus is a parent node, the time synchronization processing part corrects a clock value of the self-
apparatus by use of the timestamp information sent from the other apparatus, and then performs the time
synchronization processing.

(7) The wireless apparatus according to (6),

in which the clock accuracy information and the timestamp information are stored and transmitted in the IEEE802.11
Public Action Frame.

(8) The wireless apparatus according to (6),

in which the clock accuracy information and the time stamp information are stored and transmitted in the IEEE802.11
Association Request Frame.

(9) The wireless apparatus according to any of (1) to (8), further including:

an information transmission part configured to transmit clock accuracy information and timestamp information
to the other apparatus,

in which when the self-apparatus is a child node, clock accuracy information and timestamp information of the
self-apparatus are transmitted to other apparatus.

(10) The wireless apparatus according to (9),

in which the clock accuracy information and the timestamp information are stored and transmitted in the IEEE802.11
Public Action Frame.

(11) The wireless apparatus according to (9),

in which the clock accuracy information and the timestamp information are stored and transmitted in the IEEE802.11
Association Request Frame.

(12) The wireless apparatus according to any of (9) to (11),

in which the clock accuracy information indicates which a clock of the self-apparatus is set or updated with reference
to.

(13) The wireless apparatus according to any of (9) to (11),

in which the timestamp information indicates a clock value of the self-apparatus corresponding to a timing of the
transmission.

(14) A wireless apparatus processing method including:

a time synchronization processing step of performing by a time synchronization processing part a time synchro-
nization processing between a self-apparatus and other apparatus configuring a wireless network together with
the self-apparatus; and

a parent/child determination step of determining by a parent/child determination part whether the self-apparatus
is a parent node or a child node in the wireless network,

in which the time synchronization processing is performed as a clock master for a child node under control when
the self-apparatus is a parent node, and the time synchronization processing is performed as a clock slave for
a parent node when the self-apparatus is a child node in the time synchronization processing step.

(15) A program for causing a computer provided in a wireless apparatus to function as:

a time synchronization processing unit configured to perform a time synchronization processing between a self-
apparatus and other apparatus configuring a wireless network together with the self-apparatus; and

a parent/child determination unit configured to determine whether the self-apparatus is a parent node or a child
node in the wireless network,

in which the time synchronization processing unit performs the time synchronization processing as a clock
master for a child node under control when the self-apparatus is a parent node, and performs the time synchro-
nization processing as a clock slave for a parent node when the self-apparatus is a child node.

REFERENCE SIGNS LIST

[0072]

100 Terminal (wireless apparatus)
101 Media control part

102  Wireless communication part

10
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User interface part
Main control part
Memory

Claims

1.

A wireless apparatus comprising:

a time synchronization processing part configured to perform a time synchronization processing between a self-
apparatus and other apparatus configuring a wireless network together with the self-apparatus; and

a parent/child determination part configured to determine whether the self-apparatus is a parent node or a child
node in the wireless network,

wherein the time synchronization processing part performs the time synchronization processing as a clock
master for a child node under control when the self-apparatus is a parent node, and performs the time synchro-
nization processing as a clock slave for a parent node when the self-apparatus is a child node.

The wireless apparatus according to claim 1,
wherein the wireless network is a Wi-Fi P2P network in which a P2P group owner as the parent node and a P2P
client as the child node are present.

The wireless apparatus according to claim 1,
wherein the wireless network is a network in an infrastructure mode in which an access point as the parent node
and a station as the child node are present.

The wireless apparatus according to claim 1,
wherein the time synchronization processing is a time synchronization processing in an IEEE1588 precision time
protocol (PTP) protocol.

The wireless apparatus according to claim 1,
wherein the time synchronization processing is a time synchronization processing in an IEEE802.11 fine timing
measurement (FTM) protocol.

The wireless apparatus according to claim 1, further comprising:

an information reception part configured to receive clock accuracy information and timestamp information sent
from the other apparatus,

wherein in a case where determining that a clock accuracy of the other apparatus is higher than a clock accuracy
of the self-apparatus on a basis of the clock accuracy information sent from the other apparatus when the self-
apparatus is a parent node, the time synchronization processing part corrects a clock value of the self-apparatus
by use of the timestamp information sent from the other apparatus, and then performs the time synchronization
processing.

The wireless apparatus according to claim 6,
wherein the clock accuracy information and the timestamp information are stored and transmitted in an IEEE802.11
Public Action Frame.

The wireless apparatus according to claim 6,
wherein the clock accuracy information and the timestamp information are stored and transmitted in an IEEE802.11
Association Request Frame.

The wireless apparatus according to claim 1, further comprising:
an information transmission part configured to transmit clock accuracy information and timestamp information
to the other apparatus,

wherein when the self-apparatus is a child node, clock accuracy information and timestamp information of the
self-apparatus are transmitted to other apparatus.
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The wireless apparatus according to claim 9,
wherein the clock accuracy information and the timestamp information are stored and transmitted in an IEEE802.11
Public Action Frame.

The wireless apparatus according to claim 9,
wherein the clock accuracy information and the timestamp information are stored and transmitted in an IEEE802.11
Association Request Frame.

The wireless apparatus according to claim 9,
wherein the clock accuracy information indicates which a clock of the self-apparatus is set or updated with reference
to.

The wireless apparatus according to claim 9,
wherein the timestamp information indicates a clock value of the self-apparatus corresponding to a timing of the
transmission.

A wireless apparatus processing method comprising:

a time synchronization processing step of performing by a time synchronization processing part a time synchro-
nization processing between a self-apparatus and other apparatus configuring a wireless network together with
the self-apparatus; and

a parent/child determination step of determining by a parent/child determination part whether the self-apparatus
is a parent node or a child node in the wireless network,

wherein the time synchronization processing is performed as a clock master for a child node under control when
the self-apparatus is a parent node, and the time synchronization processing is performed as a clock slave for
a parent node when the self-apparatus is a child node in the time synchronization processing step.

A program for causing a computer provided in a wireless apparatus to function as:

a time synchronization processing unit configured to perform a time synchronization processing between a self-
apparatus and other apparatus configuring a wireless network together with the self-apparatus; and

a parent/child determination unit configured to determine whether the self-apparatus is a parent node or a child
node in the wireless network,

wherein the time synchronization processing unit performs the time synchronization processing as a clock
master for a child node under control when the self-apparatus is a parent node, and performs the time synchro-
nization processing as a clock slave for a parent node when the self-apparatus is a child node.

12
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FIG. 4

EXEMPLARY TOPOLOGY IN WHICH CHILD NODES
ARE CONNECTED TO PARENT NODE VIA Wi-Fi P2P

TERMINALA

P2P
Group Owner

TERMINAL B TERMINAL C

P2P P2P
Client 1 Client 3
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FIG. 5

Best Master Clock algorithm (1/2)
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FIG. 7

FUNCTIONAL BLOCK DIAGRAM OF TERMINAL (WIRELESS APPARATUS)

103
g

USER INTERFACE PART

WIRELESS
COMMUNICATION
MEMORY CONTROL
PART 102
S MEDIA
105 CONTROL
PART
S S
104 101
5

19




PARENT FLOW OF FIRST EMBODIMENT

WIRELESS PARENT NODE

EP 3 541 123 A1

FIG. 8
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FIG. 10

OPERATION OUTLINE OF 802.11 Fine Timing
Measurement (FTM) PROTOCOL
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FIG. 12
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FIG. 13

PREVIOUS INFORMATION EXCHANGE PROCESSING IN SECOND EMBODIMENT
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FIG. 15

PREVIOUS CORRECTION PROCESSING IN SECOND EMBODIMENT
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